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(54) Gas humidifying device for use with a fuel cell 



(57) A gas humidifying device (10) for use with a fuel 
cell (12) in which water permeable membranes (22a- 
22f ) are provided with fuel gas passages (34a-34c) and 
oxygen-containing gas passages (48a-48c) formed on 
one side of the water permeable membranes, and 
wherein humidifying water passages (40a-40f , 1 44) are 



formed on the other side thereof. Medium supply pas- 
sages (44, 150) are provided independently from, yet in 
proximity to the water passages, for supplying a medium 
having a melting point lower than that of water. Accord- 
ingly, a melting operation for melting the water in the in- 
terior of the humidifier (1 4) can be easily and swiftly car- 
ried out, while the device remains simple in structure. 
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Description 

The present invention is directed to a gas humidify- 
ing device for humidifying gases which are supplied to 
a fuel cell in which an anode electrode and a cathode 
ileWrMeWafefd^ 

with an electrolyte membrane interposed therebetween. 

There have been developed fuel cells comprising, 
for example, a plurality of stacked fuel cell units each 
having an anode and a cathode provided in opposing 
relation with an ion exchange membrane sandwiched 
therebetween, the fuel cell units further being interposed 
between separators. Such fuel cells are being put to 
practical use in a variety of applications. 

Such types of fuel cells, for example, are structured 
such that a hydrogen gas (i.e. a fuel gas) which is gen- 
erated by methanol vapor reforming is supplied to an 
anode electrode, and an oxygen-containing gas (air) is 
supplied to a cathode electrode, whereby the hydrogen 
gas becomes ionized and flows through a solid polymer 
electrolyte membrane, thereby generating electrical en- 
ergy out of the fuel cell. 

In this case, in order that efficient generation of elec- 
trical power from the fuel cell can be exhibited, it is nec- 
essary to maintain the solid polymer electrolyte mem- 
brane in an optimal humidified state. For this purpose, 
it has been known to provide a humidifying device for 
humidifying in advance by water the fuel and oxygen- 
containing gases, and by constructing the humidifying 
device and fuel cell to be connected to each other, hu- 
midified fuel and oxygen-containing gases are supplied 
to the fuel cell unit. 

However, with a humidifying device as described 
above, especially when used in regions having particu- 
larly cold climates, it is often the case that the water 
which is used for humidification tends to become frozen. 
Due to this problem, before initiating operation of the 
fuel cell, it is necessary to perform a melting operation 
on the water contained in the interior of the humidifying 
device, and such an operation is both troublesome and 
time consuming. 

The present invention at least in its preferred forms 
has the object of addressing and solving the aforemen- 
tioned problems, wherein a melting o'peration for water 
inside a humidifying device can be easily and swiftly car- 
ried out, yet while offering a humidifying device for hu- 
midifying gases in a fuel cell having a simplified struc- 
ture. 

According to one aspect of the present invention 
there is provided a humidifying device for humidifying 
gases in a fuel cell, in which a gas supply passage is 
formed on one side surface of a water permeable ele- 
ment, a humidifying water passage is formed on the oth- 
er side surface of the water permeable element, and a 
medium flow passage is disposed in proximity to the hu- 
midifying water passage. Thus, the fuel and oxygen- 
containing gases may be supplied torespective gas sup- 
ply passages, whereas water is supplied to the humidi- 



fying water passage, and such water permeates the wa- 
ter permeable element, so that the gases in the gas sup- 
ply passages are effectively humidified. 

If water becomes frozen in the water supply pas- 
s sage, because a . medium having a melting point lower 

•■Kffialilf^ 

path which is disposed in proximity to the humidifying 
water passage, heat exchange occurs between the wa- 
ter and the medium, and the water can be easily and 

10 reliably melted. Notwithstanding, not only is such a me- 
dium flow passage provided, but also the overall struc- 
ture of the humidifying device can be effectively simpli- 
fied. 

For this purpose, a heating means may be disposed 
15 in a circulatory route for circulating the medium to the 
medium supply passage. Accordingly, because the me- 
dium is heated by the heating means, a melting opera- 
tion on the water can be even more swiftly and reliably 
accomplished. 

20 Further, a first circulatory path for supplying the me- 
dium to a cooling passage in the interior of the fuel cell, 
and a second circulatory path for circulating the medium 
to the medium passage in the interior of the humidifying 
means may be provided, wherein when water becomes 

25 frozen inside the humidifying means, the medium is sup- 
plied to the second circulatory path via a switching valve 
means. As a result, the structure of the humidifying 
means is simplified. 

The above and other objects, features and advan- 
ce tages of the present invention will become more appar- 
ent from the following description when taken in con- 
junction with the accompanying drawings in which pre- 
ferred embodiments of the present invention are shown 
by way of illustrative examples only. 

35 FIG . 1 is an outline structural descriptive view of the 
humidifying device and fuel cell according to a first em- 
bodiment of the present invention. 

FIG. 2 is an explanatory view of the interior of a hu- 
midifier which makes up the humidifying device shown 

40 in FIG. 1. 

FIG . 3 is a partial perspective view of the humidifier. 
FIG. 4 is an outline descriptive view of the water 
melting device and gas humidity controller which make 
up the humidifying device of the present invention. 

45 FIG. 5 is an outline structural descriptive view of the 
humidifying device and fuel cell according to a second 
embodiment of the present invention. 

FIG. 6 is an explanatory view of the interior of the 
humidifier which makes up the humidifying device ac- 

50 cording to a third embodiment of the present invention. 

FIG. 1 is an outline structural descriptive view of the 
humidifying device 10 according to a first embodiment 
of the present invention, and the fuel cell 12 which is 
connected to the humidifying device. In the humidifying 

55 device 1 0, there are provided a humidifier 1 4, a gas hu- 
midification amount controller 16 for humidifying a fuel 
gas (hydrogen gas or a methanol reformed hydrogen 
gas) and an oxygen-containing gas (air or oxygen) 
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which are supplied to the humidifier 14, and a water 
melting device 18 for melting water which has become 
frozen in the interior of the humidifier 14. 

In the humidifier 14 5 a first fuel gas supply plate 20, 
a first water permeable membrane (water permeable el- s 
ement) 22a, supply plates 24a, 24b for water and the 
medium, a second water permeable member 22b, a 
third supply plate 26 for the fuel gas and the oxygen con- 
taining gas, a third water permeable membrane 22c, fur- 
ther second supply plates 24a, 24b, a fourth water per- io 
meable membrane 22d, a further third supply plate 26, 
a fifth water permeable membrane 22e, further second 
supply plates 24a, 24b, a sixth water permeable mem- 
brane 22f, and a fourth supply plate 28 for the oxygen- 
containing gas are integrally arranged along the direc- is 
Hon ol the Arrow X shown in FIGS. 2 and 3. 

The first supply plate 20 is flat on one surface there- 
of, and on the other side are disposed a plurality of pro- 
jections 30 which extend in a horizontal direction, 
wherein due to this structure, perpendicularly directed 20 
set pontine fuel gas passages 34a are formed along one 
side surface 32a of the first water permeable membrane 
22a 

On the second supply plates 24a, 24b, on respec- 
tive side surfaces thereof, a plurality of projections 36a, 25 
36b are disposed which extend horizontally thereafong, 
wherein due to this structure, on the other side surface 
32b of the first water permeable membrane 22a, and on 
one side surface 3Sa of the second water permeable 
membrane 22b, perpendicularly directed serpentine hu- 30 
modifying water passages 40a, 40b are formed. On sur- 
faces of the second supply plates 24a, 24b which mu- 
tually face each other, a plurality of relatively short 
length projections 42a, 42b are formed extending hori- 
zontally thereafong, wherein both of such projections 35 
42a, 42b abut each .other thereby forming a medium 
flow passage 44. 

As shown in FIG. 2, the third supply plate 26 has a 
plurality of projections 46a, 46b which extend horizon- 
tally along both surfaces thereof. An oxygen-containing *o 
gas passage 48a is formed between the projections 46a 
and the other side surface 38b of the second water per- 
meable membrane 22b. Similarly, a fuel gas passage 
34b is formed between the projections 46b and one side 
surface 50a of the water permeable membrane 22c. A «s 
water passage 40c is formed between the third water 
permeable membrane 22c and the other side surface 
50b of the second supply plate 24a. 

Between the surface 52a of the fourth water perme- 
able membrane 22d and the second supply plate 24b, 
as well as between the surface 52b of the fourth water 
permeable membrane 22d and the third supply plate 26, 
a water passage 40d and an oxygen containing gas pas- 
sage 48b are formed. Both side surfaces 54a, 54b of the 
fifth water permeable membrane make up parts of a fuel 55 
gas passage 34c and a water passage 40e, and both 
side surfaces 56a, 56b of the sixth water permeable 
membrane 22f make up parts of respective water pas- 
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sages 40f and an oxygen containing gas passage 48c. 

In the humidifier 14, there are disposed a fuel gas 
introduction port 60 for introducing a fuel gas into the 
fuel gas passages 34a - 34c, an oxygen containing gas 
introduction port 62 for introducing an oxygen containing 
gas into the oxygen containing gas passages 48a - 48c, 
a water introduction port 64 for introducing humidifying 
water into the water passages 40a - 40f, a medium in- 
troduction port 66 for introducing a medium into the me- 
dium passage 44, a fuel gas discharge port 68 for dis- 
charging and conveying a post-humidified fuel gas to the 
fuel cell 1 2, an oxygen containing gas discharge port for 
discharging and conveying a post-humidified oxygen 
containing gas to the fuel cell 1 2, a water discharge port 
72 for discharging any unused water, and a medium dis- 
charge port 74 for discharging the medium after the 
melting processing has been performed. 

As shown in FIG. 4, a first circulatory route 80 is 
provided in the gas humidifying controller 16, intercom- 
municating the water introduction port 64 and the water 
discharge port 72, and circulating water inside the hu- 
midifier 1 4. The first circulatory route 80 includes therein 
a water tank 84, wherein the water tank 84 and the hu- 
midifier 1 4 are brought into communication via a first cir- 
culatory path 86. In the first circulatory path 86, a water 
circulation pump 88 for supplying water from the water 
tank 84 to the humidifier 1 4, a pressure meter 90 for de- 
tecting water pressure, and a flow rate meter 92 for de- 
tecting a water flow rate are also arranged. The pressure 
meter 90 and/or the flow rate meter 92 make up a freez- 
ing detection means for detecting a frozen state of the 
water 

The water melting device 1 8 is made up of a second 
circulatory route 82, providing communication between 
the medium introduction port 66 and the medium dis- 
charge port 74, for circulating a medium to the inside of 
the humidifier 14. The second circulatory route is pro- 
vided with a reserve tank 94, wherein the reserve tank 
94, the medium introduction port 66 of the humidifier 1 4, 
and the medium discharge port 74 are maintained in 
communication through a second circulatory path 96. In 
the second circulatory path 96, there are also arranged 
a medium circulation pump 98 for supplying the medium 
from the reserve tank 94 to the humidifier 1 4, and a heat- 
exchange device (heating means) 100 for conveying 
heat to the medium for melting the water, when it is de- 
tected that the water is in a frozen state. 

As for the medium, in particular, any of the following 
may be used, wherein the respective melting tempera- 
tures, under ordinary pressure are shown in parenthe- 
sis: methanol (-97.78°C), ethanol (-114.5°C), propanol 
(-127°C), isopropanol (-89.5°C), 1-butanol (-89.53 °C), 
2-methyl-1 -propanol (-108°C), 2-butanol (-114.7°C), 
1-hexanot (-44.6°C), 1-octanol (-14.9°C), 2-ethyl-hexa- 
nol (-76°C), methane (-182.48°C), ethane (-183.6°C), 
propane (-187.69°C), ethylene-glycol (-12.6°C), propyl- 
ene-glycol (-60 a C), ethyl-ether (-116.3°C), toluene (- 
95°C), ammonia (-77.7°C), methylamine (-93.46°C), 
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and ethylamine (-81 °C). 

As illustrated in FIG. 1 . a luel cell unit 108 is provid- 
ed which comprises a solid polymer electrolyte mem- 
brane 102 sandwiched between an oppositely facing 
cat hode-side electrode 104 and an anode- side elec- 5 
ItES^elifejfe^ 

are stacked together, interspaced by non-illustrated 
separators. The fuel cell 1 2 is connected to a stack tem- 
perature controller 110. The stack temperature control- 
ler 110 supplies a temperature adjusting medium to 10 
cooling passages (non-illustrated) inside of the fuel cell 
12, where, in actuality, the stack temperature controller 
110 is constructed similarly to the water melting device 
18. 

A description of the operation of the humidifying de- 15 
vice 10, constructed as indicated above, shall now be 
given. 

As shown in FIG. 2, when a fuel gas (hydrogen) is 
supplied to the fuel gas introduction port 60 of the hu- 
midifier 14, the fuel gas is introduced into the fuel gas 20 
passages 34a - 34c formed in the side surfaces 32a, 
50a and 54a of the first, third and fifth water permeable 
membranes 22a, 22c and 22e. On the other hand, when 
an oxygen-containing gas is supplied to the oxygen- 
containing gas introduction port 62 of the humidifier 14, 25 
the oxygen-containing gas is introduced into the oxy- 
gen-containing gas passages 48a - 48c formed in the 
side surfaces 38b, 52b and 56b of the second, fourth 
and sixth water permeable membranes 22b, 22d and 
22f. 30 

At this point, as shown in FIG. 4, under operation of 
the pump 88, water is supplied from the water tank 84 
to the water introduction port 64 of the humidifier 14 
through the first circulatory path 86. Such water, as 
shown in FIG. 2, is introduced into the water passages 35 
40a - 40f formed in the side surfaces 52a, 54b and 56a 
of the first through sixth water permeable membranes 
22a - 22f. 

The water introduced in the water passages 40a - 
40f permeates the first through sixth water permeable 40 
membranes 22a - 22f, and is supplied to the fuel gas 
passages 34a - 34c and the oxygen containing gas pas- 
sages 48a - 48c, respectively, thereby humidifying the 
fuel gas and the oxygen-containing gas. Any unused 
water is discharged intothe first circulatory route 86 from 45 
the water discharge port 72, and returned to the water 
tank 84. 

Next, a humidified fuel gas is supplied to the interior 
of the fuel cell 12 from the fuel gas discharge port 68, 
and further supplied to the anode-side electrode 106 so 
which makes up part of the fuel cell unit 108. On the 
other hand, a humidified oxygen-containing gas is sup- 
plied to the interior of the fuel cell 12 from the oxygen- 
containing gas discharge port 70, and is further supplied 
to the cathode-side electrode 1 04 which makes up part 55 
of the fuel cell unit 1 08. Further, a temperature adjusting 
medium, adjusted to a predetermined fixed temperature 
is supplied to the interior of the fuel cell 1 2 from the stack 



6 \ 

temperature controller 110, whereby a temperature ad- 
justment operation on the fuel cell unit 1 08 is performed. 

Incidentally, when the fuel cell 12 is employed in re- 
gions having cold climates, it is easy for water in the 
interior of the humidifier 14 to become frozen. To cope 
KwltiSffEf^^ 

medium flow passages 44 for supplying a medium hav- 
ing a melting point lower than that of water, such medium 
flow passages 44 being formed between the second 
supply plates 24a, 24b in proximity to, yet independently 
from, the water passages 40a - 40f. 

Thereby, when water becomes frozen in the water 
passages 40a - 40f, as shown in FIG. 4, the medium is 
supplied to the medium introduction port 66 of the hu- 
midifier 14 from the reserve tank 94, by means of the 
pump 98. The medium, as a non-frozen medium, follows 
along the medium flow passages 44 in a winding or ser- 
pentine fashion, flowing to the medium discharge port 
74, and as a result heat-exchange is conducted across 
the supply plates 24a, 24b between medium and the fro- 
zen water in the water passages 40a - 40f which are 
disposed in proximity to the medium flow passages 44. 
Thus, the humidifying device 10 achieves the effects of 
being extremely simple in structure, while enabling a 
simple and efficient melting operation to be performed 
on any frozen water in the humidifier 14. 

Furthermore, in the first embodiment, if a frozen wa- 
ter condition in the humidifier is generated, as shown in 
FIG. 4, when a pressure indication (water pressure) de- 
tected by the pressure meter 90 disposed in the first cir- 
culatory route 80 becomes higher than a fixed value 
and/or when it is detected by the flow rate meter 92 that 
the water is in a non-flowing state, it can be automati- 
cally detected that the water is currently in a frozen con- 
dition. 

When this occurs, based on the detection result of 
the pressure meter 90 and/or the flow rate meter, the 
heat-exchange device 100 arranged in the second cir- 
culatory route 82 is operated. As a result, the medium 
which is supplied to the interior of the humidifier 14 via 
the second circulatory route is heated by the heat-ex- 
changed device 1 00, wherein the frozen water inside the 
humidifier 1 4 can be even more swiftly and reliably melt- 
ed. 

Further, in the first embodiment, although both the 
fuel gas and the oxygen-containing gas are humidified 
by the humidifier 14, the invention is not necessarily so 
limited, and it is also possible to have only one or the 
other or the fuel and oxygen-containing gases humidi- 
fied. 

In FIG. 5 ; structural details of a humidifying device 
120 according to a second embodiment of the present 
invention are shown in outline form. Further, structural 
features which are the same as found in the humidifying 
device 1 0 according to the first embodiment are indicat- 
ed using like reference numerals, and for the sake of 
brevity, detailed discussion thereof is omitted. 

The humidifying device 120 comprises a humidifier 
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1 4, a gas humidity controller 1 6 and a temperature man- 
agement controller 122 for melting frozen water inside 
the humidifier 1 4. each of which are interconnected to 
the fuel cell 1 2. The temperature management controller 
1 22 is equipped with a first circulatory path 1 24 by which s 
a medium is supplied to a cooling passage (not shown) 
in the interior of the fuel cell 12, a second circulatory 
path 1 26 by which the medium is circulated through the 
interior of the humidifier 14, and a switching valve 
means 1 28 for both establishing and blocking commu- io 
nication between the first and second circulatory paths 
124 and 126. 

A medium reserve tank 130, a medium circulating 
pump 132 and a temperature control device 134, such 
as a heat exchange device, for adjusting the tempera- is 
ture of the medium are respectively arranged in the first 
circulatory path 124. The switching valve means 128 is 
made up of first and second switching valves 1 36a and 
136b arranged respectively in the first circulatory path 
1 24, wherein the second circulatory path 1 26 is likewise 20 
connected to the first and second switching valves 1 36a 
and 1 36b. 

With the humidifying device constructed in this 
manner, humidification of the fuel and oxygen -contain- 
ing gases is conducted in the humidifier 14 by way of 25 
the gas humidity controller 1 6 : and the fuel and oxygen- 
containing gases which have been humidified are then 
supplied to the fuel cell 1 2. In the temperature manage- 
ment controller 122, the medium contained in the re- 
serve tank 1 30 is supplied, under operation of the pump 30 
1 32,- along the first circulatory path 1 24 in the direction 
of the arrows A, and is circulated through non-illustrated 
cooling passages inside the fuel cell 12. 

On the other hand, when a frozen state of the water 
in the humidifier is generated, the second circulatory 35 
path 1 26 is brought into communication with the first cir- 
culatory path 124 by the switching valves 136a, 136b. 
As a result, the medium in the reserve tank 130 is sup- 
plied in the direction of the arrows B, so that first it is 
introduced into the humidifier 14, and after the frozen 40 
water inside the humidifier 1 4 has been melted, the me- 
dium is then supplied to the interior of the fuel cell. 

Accordingly, the temperature management control- 
ler 122 possesses, in a single unit, the functions of the 
stack temperature controller 110 and the water melting 45 
device 18 of the first embodiment, wherein the structure 
of the humidifying device is further simplified. 

In FIG. 6, the interior details of a humidifier 140 
structured according to a third embodiment of the hu- 
midifying device of the present invention are shown in so 
outline form. Further, features which are the same as 
found in the humidifier 14 of the humidifying device 10 
according to the first embodiment are indicated using 
like reference numerals, and for the sake of brevity, de- 
tailed discussion thereof is omitted. 55 

In the humidifier 140, in place of the two second 
supply plates 24a, 24b of the humidifier 1 A, a single sec- 
ond supply plate 142 is provided. On both surfaces of 



the second supply plate 142, plural projections 146 are 
disposed, forming perpendicularly directed serpentine 
humidifying passages 144. In a central portion of the 
second supply plate 142, parallel to the humidifying wa- 
ter passages 1 44, a pipe 1 48 is disposed, wherein a me- 
dium flow passage 1 50 is formed in the control body 1 48 
enabling a low melting point medium to flow there- 
through. 

Accordingly, when using the humidifier 140. the 
same effects achieved by the humidifier 1 4 are attained. 

As has been described above, with the humidifying 
device for use with a fuel cell according to the present 
invention, when water which is used for humidifying a 
fuel gas and oxygen-containing gas becomes frozen 
within the water passages, a medium having a melting 
point below that of water is supplied to medium flow pas- 
sages which are disposed in the vicinity of the water pas- 
sages, thereby instigating heat-exchange between the 
water and the medium. As a result, the fuel cell retains 
a simplified structure, together with enabling simple and 
efficient melting of the humidifying water. 

Claims 

1. A gas humidifying device (10) for a fuel cell (12), in 
which said humidifying device humidifies a fuel gas 
and/or an oxygen-containing gas which is supplied 
to the fuel cell, in which an anode electrode (106) 
and cathode electrode (104) oppositely face each 
other with a solid electrolyte membrane (102) inter- 
posed therebetween, comprising: 

a water permeable element (22a-22f); 
a gas supply passage (34a-34c : 48a-48c) 
formed on one side surface of said water per- 
meable element (22a-22f); 
a humidifying water passage (40a-40f, 144) 
formed on the other side surface of said water 
permeable element; and 
a medium flow passage (44, 150) for supplying 
a medium having a melting point below that of 
water which is disposed independently from yet 
proximate to said humidifying water passage 
(40a-40f, 144). 

2. The gas humidifying device according to claim 1 , 
further comprising a circulatory route (82, 126) for 
circulating said medium to said medium passage, 
and a heating means (100, 134) disposed in said 
circulatory route for conveying heat to said medium 
for melting said water when it is detected that said 
water has become frozen. 

3. The gas humidifying device according to claim 1 or 
2, further comprising: 

a first circulatory path (124) for supplying said 
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medium to a cooling passage in the interior of 
said fuel cell (12); 

a second circulatory path (126) for circulating 
said medium to said medium flow passage (44, 
150); and 

and unblocking communication between said 
first circulatory path (124) and said second cir- 
culatory path (126). 



w 



The gas humidifying device according to claim 1 ,2 
or 3, wherein said medium is selected from the 
group of methanol, ethanol, propanol, isopropanol, 
1-butanol, 2-methyl-1 -propanol, 2-butanol, 1-hexa- 
nol. 1-octanol, 2-ethyl-hexanol : methane, ethane, '5 
propane, ethylene-glycol, propylene-glycol, ethyl- 
ether toluene, ammonia, methylamine, and ethyl- 
amine 

A humidifying device for humidifying gases in a fuel 20 
cell, in wtnch a gas supply passage is formed on 
one side surface of a water permeable element, a 
humidifying water passage is formed on the other 
side surface of the water permeable element, and 
a medium flow passage is disposed in proximity to 25 
the humidifying water passage. 
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